Conductivity was characterized for the MI -AgI family (where M = NH4), which results when NH4 + is exchanged for Ag + in the binary system xAgI-(1-x)NH4I as a study model with concentrations of x = 0.4, 0.5, 0.6, 0.7.0.8 and 0.9. The study samples were grown using the slow evaporation method, and their properties were identified by Impedance Spectroscopy techniques. For this system in each of the concentrations, there was a decrease in the temperature at which the transition from poorly conductive phases called β/γ to very conductive occurs, called α compared with that of the pure AgI that is given at 420 K (147 ºC).
Introduction
The need to produce and store energy for use in modern industry and society, has driven the development of new solid state ionic conductors, which are used as electrolytes in power sources (batteries, fuel cells), biomedical devices, Electrochemical gas sensors and spatial development devices, etc. [1] . Because many ion systems known today present microstructural variations, it is necessary to investigate not only the properties of the superionic materials, but also those of their precursors, from which, by doping with other elements of ionic radii different from the original ones the population of cargo carriers and their mobility in the resulting systems is increased [2] .
Silver iodide, AgI, is one of the compounds that, above 420K, has a very high ionic conductivity; (of the order of 1 (Ω cm) -1 )) conductivity is governed mainly by the great mobility of the silver ions Ag + (ionic radius (1.26 Å)), which makes us believe that making a catatonic substitution in the AgI, doping with ions the NH4I compounds (ionic radius 1.34 Å), can promote ionic mobility and thus increase conductivity [3] .
According to the investigations, at room temperature the ionic solids have very small conductivities, less than 10 -6 (Ω cm) -1 , therefore, the movement of ions through the crystal practically does not exist. However, when an ionic solid melts, the ions separate or dissociate, due to thermal movement, and can move freely through the liquid mass, which consequently implies an increase in their conductivity [4] . In this sense Jonscher and collaborators in 1998 [5] , established a universality in the electrical response of dielectrics and ionic conductors, since then there are several theoretical approaches that have tried to explain this phenomenon.
The AgI is one of the most investigated solid ionic conductors. With the increase in temperature, this ionic conductor reaches an ionic conductivity of the order of 0.1 -1.0 (Ω cm) -1 in the phase -AgI over 420K comparable with the liquid electrolytes, although a long range of crystallinity is still shown (structure bcc) [6] . Ionic crystals are good electrical insulators, but in recent years they have obtained materials that represent solid phases with high ionic conductivity comparable to that of a diluted salt [7] .
The search for solids with high ionic conductivity has continued with new classes of systems such as Mag4I5 (M = Li, Na, K, Rb, NH4) [8] , which for the case of this research is the system xAgI-(1-x)NH4, since it has been observed when substitution of host atoms by other ions causes increase in conductivity; Therefore, the complex impedance analysis was used by Nyquist diagram with the purpose of knowing the values of the resistances in each of the temperatures and concentrations and making the interpretation of the typical spectrum of ionic conductivity.
Materials and Methods
Preparation of the samples Molar concentrations of 0.4, 0.5, 0.6, 0.7, 0.8 and 0.9 were used, as proposed by Trujillo et al. (2017) [8] , silver reagent salts (AgI), ammonium iodide (NH4I) and potassium iodide (KI) were used as reagents in the synthesis, stoichiometrically combined, Table 1 details the preparation where x is the mole fraction of the reactants. 
Measurements and Impedance Analysis
The impedance measurements, for the different systems, were made with a Solartron SI 1260 spectrometer applying a voltage of 100 mV and with a frequency range of 100 to 106 Hz. Lozano et al. (2008) [4] , explains the experimental technique to measure the impedance of a material, consists of placing the study sample between two metallic electrodes, applying a known voltage, to the electrodes and observing the response, the current or the voltage generated in the study material.
In general, the properties of the system are invariant in time, being able to determine these, their interrelations and their dependence on controllable factors such as temperature, partial pressure of oxygen, static applied voltages. This configuration is called the M│sample│M configuration, where M is the metal of the electrodes [9] . The potential difference is applied between these two electrodes, the ohmic resistance of the material is a significant factor in the impedance of the study material. The resistance in general depends on the types of ions in the material, the temperature and the geometry of the area through which the current flows [10] .
Interpretation of Nyquist Diagrams
These extract the dc resistance values in each of the temperatures where we observe the typical spectrum consisting of two parts: (i) a non-ideal semicircle at high frequencies, whose center is displaced below the real axis, due to the response of the bulk or volume of the sample, and (ii) a linear variation at low frequency caused by the impossibility of penetration of the ions inside the electrode, giving evidence of the phenomenon of double-layer capacitance at the electrode / electrolyte interface [11, 12] . For this type of impedance spectra the values of the resistance are obtained by adjusting the data of the circular arc to the equation of a circumference (solid line), in such a way that the resistance of the sample will be the intersection of the right end with the abscissa of the impedance spectrum, thus allowing to obtain the values of the conductivity-dc of the sample using the equation d/RA, where A and d are the area and thickness of the sample respectively [8] .
Results and Discussion
Analysis of the Nyquist diagram for the proposed system Figure 1 shows the diameters of the semicircles in the system xAgI-(1-x)NH4I for x = 0.4, 0.5, 0.6, 0.7, 0.8 and 0.9, The corresponding samples the black heat semicircles are in a range of lower temperature and with greater resistance. The red semicircles are the points before the phase transition occurs, corresponding to a lower resistance than the previous one and finally the semicircles of blue color is the area of high electrical conductivity, the figure also shows the semicircles corresponds to the Resistances for different concentrations in different ranges of temperatures, in the concentration x = 0.7 it is possible to observe the mobility of two ionic species that are Ag and NH4. 
Complex impedancea by Nyquist diagram
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The analysis of the ionic conductivity of this System was framed within a study of the molar concentrations of AgI and NH4I, where the differences found when substituting NH4 + for Ag + in the system were analyzed. Higher values of conductivity are observed for the concentrations x = 0.4, 0.5, 0.8, 0.6, 07, and 0.9 following the order as shown in Table 2 . Regarding the concentrations x = 0.4, 0.5 and 0.6, it is observed that the energies of activation are 0.04 eV, 0.04 eV and 0.06 eV respectively, with percentages of 60%, 50% and 40% of NH4 + for each one; their conductivity values dc at 423 K are 4.97 * 10-5 (Ω cm) -1 , 2.98 * 10 -5 (Ω cm) -1 5.44 * 10 -6 (Ω cm) -1 were decreasing respectively and its activation energy only increased in the concentration x = 0.6. Analyzing the three previous concentrations, it is observed that it decreases the percentages of NH4 + and increases those of Ag + ; that decrease the average distance between the ions of Ag + and NH4 + are diminished improving the conductivity of them, but increasing the activation energy. In the concentration x = 0.7 with 30% of NH4 + presents a value of 0.05 eV corresponding to the average value of the activation energies of the concentrations x = 0.4, 0.5 and 0.6.
The conductivity dc at 423 K for the concentration x = 0.7 is 1.15 * 10 -9 (Ω cm) -1 ; the highest respect to the concentrations x = 0.4, 0.5 and 0.6 that has less amount of NH4 + with respect to the last two. We can observe that the degree of correlation between the mobile ions would thus determine the response of the system and therefore, assuming that the degree of correlation between the ions could be modified, this should presumably alter the response of the system. But at the concentration x = 0.8 with 20% NH4 + its activation energy is 0.05 eV equal to the concentrations of x = 0.9 and 0.7. A very significant aspect is that the conductivity value dc in the concentration x = 0.8 is 3.11 * 10 -5 (Ω cm) -1 higher than for the concentrations x = 0.5, 0.6 and 0.7 as seen in the Table 3 ; in this concentration the system compound is presented, with 80% AgI and 20% NH4I; originating a greater mobility in the sample due to the low percentage amount NH4I, relating said properties with cooperative effects due to the interaction between the ions. 
Impedance Analysis
The initial approach is an Arrhenius type behavior of the system; but when developing the analysis we observed that the results do not correspond to what was expected, for which reason we start to model the system with Arrhenius behavior for high temperatures and an exponential behavior for low temperatures. The electrical response of disordered solid ionic conductors is characterized in the frequency domain by dispersion in the conductivity or permittivity spectrum. For this type of impedance spectra the values of the resistance are obtained by adjusting the data of the circular arc to the equation of a circumference (solid line), in such a way that the resistance of the sample will be the intersection of the right end with the abscissa of the impedance spectrum, thus allowing to obtain the values of the conductivity-dc of the sample using the equation d / RA.
By using the impedance spectroscopy (IS) technique it was clearly observed that the values in the electrical conductivity measurements show a present jump in the thermal analysis of DSC with an endothermic peak that shows the existence of phase transitions in the compounds investigated, due to the remaining phases of AgI in the common agglomerate characteristic of solid electrolytes based on AgI, associated with the appearance of mobile ionic states in the Ag + subnet. Concentration (x)
Figure 2 Conductivity vs Concentration
The most studied element among ionic solid conductors is silver iodide because it has a high ionic conductivity σ = 1.3 (Ω cm) -1 at T = 420 K [4] , much higher than that presented by the perfect NaCl crystal which has a value of 17 orders of magnitude lower at room temperature than the AgI.
Conclusion
From the results obtained, the following conclusions can be presented: 1) It seems logical that the correlation between the Ag + and NH4 + ions is significant with respect to the increase in conductivity when there are few NH4 + ions in the system and therefore are more far away; consequently we observe a dependence of the conductivity with respect to the amount of concentration; 2) The electronic conductivity for these systems is very small compared to the ionic conductivity, calculated in the figures, which presented values that are within the elements classified as fast ionic conductors, which leads us to affirm that the conductivity is almost due in its entirety to the ionic conductivity.
